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INTRODUCTION 
Problem: To Demonstrate the Effect of Sodium Fluoride 
on the Fibrinolytic System. 
The fibrinolytic substance was believed to be an agent, 
possibly enzymic in nature, present in filtrates of 
cultures of many pathogenic bacteria, but principally 
in the filtrates of pathogenic streptococci and staphy16-
cocci. 
Other bacteria which may be fibrinolytic contaminants 
are: strains of B. subtilis, B. proteus, Pseudomonas 
aeruginosa, diphtheroids, and B. alkaligenes {l strain). 
The fibrinolytic agent was thought to be an exotoxin or 
a metabolic product of the bacterium. 
It is now known that the bacterial metabolic product is 
a kinase which activates a proteolytic enzyme in plasma 
or serum. The serum enzyme may be activated by a number 
of agents other than the bacterial kinase, e.g., by 
organic solvents or pH change • 
• 
This enzyme called serum protease, tryptase, plasmin, 
or lytic factor will dissolve protein substrates other 
than fibrin or fibrinogen, namely: hemoglobin, gelatin, 
or casein. 
This enzyme may be inhibited by trypsin inhibitor and by 
the albumin fraction of plasma. Proteolytic enzymes, like 
trypsin which is very similar in its properties to the 
protease or plasmin are inhibited by the halogen salts. 
Sodium fluoride in a concentration of 0.25 M and above 
strongly inhibits the plasmin but does not completely 
prevent the lysis • 
4. 
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HISTORICAL REVIEW OF THE LITERATIJRE 
The ~ibrinolytic property o~ staphylococci was ~irst 
observed by Much (1908) in coagulase-positive strains 
which produced slower and less complete clots. 
Kleinschmidt (1909) was the ~irst to notice that the 
·~ 
dissolution o~ ~ibrin by staphylococci was irreversible. 
Gratia (1921) ~ound that the speed o~ reaction or 
staphylococcal ~ibrinolysin redissolving plasma clots 
varied with the animal species. 
In 1932, Aoi completed an exhaustive study o~ the 
~ibrinolytic properties o~ Staphylococcus aureus. He 
observed that the three reactions intimately connected 
with their pathogenicity were hemolysis, plasma-coagulation 
and ~ibrinolysis. The ~ibrinolytic substance was obtained 
by Berk~eld ~iltration o~ the staphylococcal culture. 
{This substance later proved to be an activator o~ the 
proteolytic enzyme which dissolves the ~ibrin.) This 
activator or kinase was ~ound to resist heat llOO deg. a.) 
~or one hour, direct sunlight and many antiseptics. 
It occurred with greatest regularity in 5-14 day old 
cultures. Aoi s;!iated that this activator could be 
precipitated out by 75% alcohol or.by acetone and ether. 
The acetone precipitate or autolysate could be used as 
an antigen. 
FIBRINOLYSIS 
The demonstration of the proteolytic enzyme activity o~ 
the blood serum and plasma has attracted attention since 
Dastre (1893) first inferred such an activity in serum. 
Delezene and .l:'ozerski (1903) reported the proteolytic 
activity of serum which had been shaken with chloroform. 
Tagnon found the enzyme to be a euglobulin. Tillet and 
Garner extracted from cultures of hemolytic streptococci 
a substance capable of dissolving fibrin clots. 
~lstone {1941) later showed that this material did not · 
act on highly purified fibrinogen and that a plasma 
euglobulin fraction was necessary for the lysis of fibrin. 
Christensen (1939) and Christensen and MacLeod {1940) 
formd that the substance isolated from the streptococcal 
culture acted as an activator, "st~eptokinase". This 
activator transforms the inactive plasma enzyme, '*plasmin-
ogen" into "plasmin" (protease or tryptase). :Et is 
believed that this enzyme is not trypsin but is :identical 
with the chlorofor.m-activated enzyme of the serum. (Kaplan, 
1946) 1=====11====\J 
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According to Christensen and MacLeod, streptokinase 
activates ~ibrinolysin (tryptase or plasminogen) by a 
catalytic reaction similar to the activation oT trypsin-
ogen by enterokinase. When chloro~or.m is added to serum 
or plasma, apparently a serum inhibitor is removed which 
probably allows the activation o~ the ~ibrinolytic enzyme 
autocatalytically. 
•rhe Croxattos ( 1947) state that the clotting and 
proteolytic activities o~ chloro~or.m-treated plasma may 
be due to an inhibition o~ antiproteolytic substances. 
In ~act, they ~ound that the addition o~ crystalline 
trypsin inhibitor counteracts the clotting and ~ibrin­
olytic action o~ chloro~or.m-treated plasma. 
The chloro~orm-activated substance is associated with 
the euglobulin component o~ human serum. It is a true 
proteolytic enzyme capable o~ digesting gelatin, casein, 
and hemoglobin. (Christensen, 1939) 
Since the enzyme is active against proteins other than 
~ibrin, Christensen suggested the term nplasmin" for the 
activated enzyme, and "plasminogenn for the inactive form. 
Instead o~ n streptococcal ~ibrinolysin'~ nstreptokinase" 
might be :pre~erable. 
1· 
Christensen asserts that the lytic ~actor probably 
represents the serum protease, normally present in 
blood serum in the inactive state, since they are 
both, n~ound in the same serum ~raction, have the 
same pH and optimum temperature, and are inactivated 
at the same temperature." 
The addition o~ the lytic ~actor alone or the 
kinase alone to puri~ied ~ibrin was ~ound to be 
without e~fect. With the action of both the lytic 
factor and the kinase, the fibrin, hemoglobin, or 
gelatin is hydrolyzed very readily. The lytic factor 
may become proteolytic spontaneously and this has 
never been observed with the kinase. Thus lrinase 
activates the serum protease from an inert precursor 
or zymogen state. 
Serum Protease Activation and Inhibition 
Serum protease may be liberated by other means such 
as by other organic solvents as alcohol and acetone, 
by dialysis, acid precipitation o~ the serum, or by 
certain organic compounds as urea, benzoate, thio-
cyanate, and oresols. 
8 
-· 
Yamakawa {1918) suggested that the activation o~ 
serum :protease u:pon treatment with organic solvents 
is due to the removal of an inhibitor. Teale and 
Bach (1919) :postulated that the inhibitor is removed 
from Serum as denaturation of the serum :proteins takes 
:place. Schmitz (1937) interpreted the increase in 
activity he noted when serum extracts were treated 
with alumina gel or dialyzed in dilute acetic acid 
to be due to the splitting-off of the inhibitor-enzyme 
com:plex, the inhibitor being adsorbable, acid-soluble, 
and dialyzable. He isolated a small amount of inhibitor 
from serum which a:p:peared to be similar or identical 
with the trypsin inhibitor isolated byKunitz and 
Northrup from the :pancreas. 
Kaplan {1944) stated that the activation of serum 
:protease by any one of the recommended methods a:p:pears 
to be a slow :process, whereas in the :presence of excess 
fibrinolysin-lysin factor, action is almost instantaneous. 
Christensen and MacLeod (1944-45) demonstrated that 
following activation, the active enzyme may be inhibited 
by serum inhibitor or crystalline trypsin inhibitor 
from the :pancreas. This inactivation was not influenced 
by fibrinolysin. 
9. 
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Opie and Barker {190?) and Hussey and Northrup (1923) 
have shown that the inhibitory action of serum against 
proteases is associated with the albumin fraction. 
Christensen and MacLeod (1944-45} encountered some 
difficulty in studying the activation of serum protease 
by fibrinolysin. The difficulty was caused by variable 
amounts of serum inhibitor in the serum protease 
preparation. This apparently altered the activation 
reaction curve. In addition, no method could be 
found which would inactivate the kinase without 
simultaneously destroying serum protease. With the 
least amount of inhibitor, "the activation of serum 
protease proved to be a linear function of the time 
of incubation, a first order reaction,n The curve 
for the serum with the highest inhibitor was non-
linear even with high concentration of activator. 
The effect of kinase concentration on rate of activation 
was proportional except in the more dilute preparations 
of kinase--due to serum inhibitor. The activation of 
serum protease from its inactive state in serum appears 
to be a catalytic reaction where the rate of activation 
is proportional to the concentration of kinase. 
.!Q. 
Arter activation, the activated enzyme may be inhibited 
by serum inhibitor or by pancreatic trypsin inhibitor. 
In the presence or serum inhibitor (albumin), the 
kinetics of the reaction is complicated by "combination 
or the activated enzyme wlth inhibitor, thus causing 
the reaction to deviate from rirst order.n 
Northrup (1939) states that the ttkinetics of activation 
of pepsinogen and trypsinogen is complicated by combin-
ation of the activated enzyme with inhibitor, thus 
causing the reaction to deviate from first order.u 
The Role Of Trypsin Inhibitor 
Tillet and Garner in 1933 observed that beta hemolytic 
streptococci produce an extracellular substance which 
is ribrinolytic in that it can liquefy human fibrin. 
They also found that patients with beta hemolytic 
streptococcal diseases develop a factor which is 
capable of inhibiting the in vitro action of ~he 
fibrinolysin. These observations gave impetus to 
n1l:rnerous studies on the role of fibrinolysis in diseases 
attributable to beta hemolytic streptococci. The 
development of streptococcal antifibrinolysin in such 
patients was also studied. 
In the fibrinolytic process, the lytic factor is converted 
by fibrinolysin into an active protease (or try:ptase). 
It has been shown that the method consists o:t: two steps: 
1. Activation of the lytic factor by fibrinolysin with 
the production of an active protease. 
2. Dissolution of the fibrin clot by the protease. 
Kaplan (1945) shows that a distinction must be made 
between true nantifibrinolysin" or ttantikinase" (immune-
specific neutralizer of streptokinase} and nantiproteasen 
(inhibitor of the active protease).. By suitable tests, 
the antifibrinolytic titer can be determined on human 
convalescent sera and is found to vary with the strain 
of the infective microorganism. The antiprotease titer, 
on the other hand varies normally with animal species. 
The pure crystalline trypsin inhibitor isolated from 
pancreas by Kuni tz and Northrup was :t:ound to be a 
polypeptide. This substance was found to inhibit 
fibrinolysis also. Ferguson states that it ~roduced 
a retardation o:t: clotting o~ recalcified, eitrated plasma. 
In abs1ence of plasma protease or its precursor, 
..::./ 
streptokinase lacks proteolytic, thrombic, or thrombo-
plastic effects. (Ferguson, 1947) 
,-_._._-.. -··--'". 
The kinase is a definite metabolic product o:f strepto-
cocci or staphylococci which is believed to play some 
role in the virulence of infection. Grob (1946} 
demonstrated that growth was nsomewhat retarded" in the 
presence of the inh~bitor. He concluded that the trypsin 
inhibitor had no bacteriostatic action, but affected 
growth through the prevention of proteolysis in the medium. 
These studies suggest that the inhibitor can be bacterio-
static when employed in adequate concentration. Penicillin 
has a weak but de'finite antiproteolyti'6t action as do 
Actinomycin A and Tyrothricin { Neter, 1942}. It is 
· possible that the efficacy of penicillin as an antibiotic 
agent lies in its ability to inhibit enzymes other than 
proteases. (Mirsky and Foley, 1945). 
On the other hand, the ef'fect of trypsin inhibitor 
cannot be attributed solely to its inhibition of the 
bacterial proteases, since it has been observed that 
this inhibitor is not specific but. can inhibit a number 
o'f proteolytic enzymes. Further, the fact that the 
synthetic detergents which are antiproteolytic are 
also germicidal lends support to this hypothesis. 
(M2rsky and Foley, 1945) 
13. 
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The significance of the work on protease inhibitors 
lies not so much in the demonstration that the protease 
inhibitor has an antibiotic action as in the suggestion 
that the rise of the antiprotease titer of blood which 
occurs in a variety of pathological states in man may 
play an important role in ttresistance to infection". 
Proteolytic Enzymes in General 
none of the most important and best studied groups 
of organic catalysts is the proteolytic enzymes.n (Grob, 
1946} 
Classification: Proteolytic enzymes or proteases are 
those which break down protein by hydrolyzing peptide 
linkages. Bergmann has demonstrated two general classes: 
the proteinases and the peptidases~ Proteinases hydrolyze 
peptide linkages anywhere in the protein molecule. 
Usually the linkages are within the molecule. (i.e. 
adjacent to another peptide bond, so that these enzymes 
have been called endopeptidases) They may be further 
classified on the basis of animal or plant origin, 
extracellular or intracellular action, pH, activation 
or inactivation by various compounds. 
14. 
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Extracellular proteinases include pepsin, trypsin, 
and chymotrypsin, and some yeast, mold, and bacterial 
proteases. The intracellular include those or animal 
origin, called cathepsins (found in all tissues and 
organs, and most active in acid medium at pH 5-6) and 
those of plant origin, including papain, ficin, bromelin, 
most yeast and mold proteases, and most bacterial protease • 
Conditions Affecting the Activity of Protolytio Enzymes 
Influence of Temperature and pH: Most of these enzymes 
are active at 37 deg. c., slightly increased in activity 
by a short exposure to a temperature between 37 and 
60 degrees c., slightly impaired by a temperature o;f 
65 degrees c. and destroyed (in solution not in the dry 
state ) above 70 degrees c., varying as the time of 
exposure. 
The importance of oxi~ation-reduction systems began 
with the discoveries that HCN, cysteine, and HS-gluta-
thione increased the actiyity of papain and cathepsin. 
The physiological significance was emphasized by the 
demonstration that many intracellular proteases, both 
plant and animal, are accompanied by sulfhydryl compounds 
which serve as natural activators. Activation and 
------
inhibition have in most cases been shown to be reversible 
and reciprocal, particularly in that enzymes that are 
activated by reducing agents are inhibited by oxidiz.ing 
agents. (especially applies to SH groups) Sulrhydr.yl 
groups as activators are not required ~or pepsin and 
trypsin. Grob asserts that various reducing agents, SH 
aompounds, and ascorbic acid inhibit the action or 
leukoprotease and trypsin. The degree o~ inhibition 
varies as the reducing capacity o~ the medium. 
Leukoprotease is also inhibited by PABA, sul~onamides, 
and many diph~yl sul~ones. The activity o~ ~eukoprotease 
and very generally also o~ trypsin, is also inhibited 
by serum, plasma, certain heayy metals, ammonium. salts, 
asparagine, thiourea, and calcium chloride. ~ile salts 
or acids and mild oxidizing agents aDe said to increase 
the 13-ctivity o~ leukoprotease and trypsin. (Grob, 1.942) 
The antiproteolytic activity o~ serum is inhibited 
~Y oxidizing agents and SH group inhibitors. It is 
suggested that serum antiprotease may consist o~ reducing 
agents including SH peptides. Exposure to pH below 6.5 
or above 9.7 decreases progressively the antiproteolytie 
activity o~ serum. This accounts ~or the ~act that 
the pH optimum of leukoprotease or trypsin in the 
presence of serum shifts to pH 6.0-6.5 from a pH of' 
7-8. (Grob, 1942) 
Isolation of Proteolytic Enzymes 
Purification of enzymes li~e trypsin and pepsin 
has been most successfully accomplished by the methods 
of Sumner and Northrup ( 1943) • The attempt to isolate 
pepsin was undertaken from the point of view of protein 
chemistry, using only those conditions under which 
proteins are relatively stable. In order to isolate the 
enzyme, several methods may be used. The enzyme may 
be precipitated with ammonium sulfate and then redisso~ved 
removing the excess ammonium sulfate and other impurities 
by dialysis. Willstatterts method of adsorption and 
elution makes use of the mechanism of adsorbing the 
enzyme on alumina gel or other suitable adsorbent, 
depending on the weak basic or acidic properties of 
the enzyme. The adsorbed enzyme may then be eluted 
with buffer or other agent. Although the adsorption 
method yields very active extracts, it has not to date 
~ r-----lad..,to the actual isolation and crystallization of any 
of the enzymes. The method of fractional precipitation 
has led to more definite results. 
Culture Medium for the Production of Kinase 
Neter and Witebsey (1'936) working with streptokinase 
used a meat infusion broth containing an optimum concen-
tration of 2%"glucose. Holmberg and Winb~ad (1944) 
used a broth containing 1% peptone, 0.3% sodium chloride, 
0.05% dextrose at pH ?.6 for an 18 hr. eulture ot strepto-
cocci. Christensen (1945) advocates a neopeptone medium 
containing potassium acid phosphate, cystine, cerelose, 
and Pappenheimer's salt mixture. The neopeptone medium 
(Difco) which is favora,ble to the production of activator 
apparently contains a satisfactory amount of tryptophane, 
cystine, calcium, and organic sulphur. 
Concentration of Fibrinolysin (Kinase) from Culture Medium 
1. Kaplan, (1944) in his studies on the lytic factor in 
streptococcal fibrinolysis, concentrated the kinase 
, by the alcohol precipitation method of Tillet and Garner 
"from a Seitz filtrate o'f an 18 hour culture in beet'-
heart infusion broth containing 0.,05% added dextrose.u 
The alcohol precipitate was redissolved in 0.01 M 
phosphate-buffered physiological saline,pH 7.4. and 
dried in 5 cc lots by the lyophile process. The dried 
18. 
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product was highly stable, and upon reconstitution with 
distilled water, dissolved rapidly and completely. 
2. Holmberg and Winblad concentrated the streptococcal 
filtrate by adjustment to pH 5.5, precipitation with 
70% saturated ammonium sulfate, dialysis of precipitate; 
resulting in a fraction with twenty two t~es the 
activity of the original. 
3. Christensen concentrated streptokinase from fifteen 
or thirty liter lots of neopeptone culture. His 
product resulted in a solution equivalent to a 150-
200 fold concentration of the culture. 
1. Concentration by centrifugation to remove cells. 
2. pH adjusted to 4.5 with glacial acetic acid. 
3. Supernatant concentrated to one tenth of original 
volume in vacuum still. 
4. Saturation with solid ammonium sulfate. 
5. Suction filtration. 
6. Precipitate may be dissolved in saline buffer 
for use, the kinase is stable as a precipitate 
in saturated ammonium sulfate. 
Further purification may be obtained by acid precip-
itation at a pH of 4.5 or below (may:'!]~present the 
isoelectric point) followed by alcoholic precipitation 
and solution in saline buffer. 
19. 
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The activity of the concentrated material is destroyed 
only slowly by heating at 100 deg. c. at pH 7.4. It 
is readily destroyed by treatment with trypsin and p;epsin 
indicating the activity is associated with a protein. 
Isolation of Serum Protease (tryptase, lytic factor, or 
fibrinolytic enzyme) 
Serum protease is the lytic principle in serum or plasma 
which may be activated by streptokinase, staphylokinase, 
chloroform, and a number of agents. This lytic prmnciple 
dissolves fibrin and changes fibrinogen so that it will 
not clot thrombin. ( The bacterial kinase is the exotoxin 
produced by certain strains of hemolytic streptococci or 
fibrinolytic staphylococci.) 
Fibrinolysin destroys fibrinogen and fibrin, splitting 
each of these molecules into two or more parts: alpha 
and beta fibrin and alpha and beta fibrinogen derivatives. 
(Seegers, Nieft, and Vanderbilt, 1945} Szynt-Gyorgi,(1942) 
points out the fact that fibrinolysin makes a sharp 
distinction between fibrin and heat denatured fibrinogen. 
Thrombin is immune to the proteolytic action of fibrino-
lysin. In addition, it was found that the thrombin had 
some stabilizing effect on fibrinolysin. (Loomis, George, 
and Ryder, 1947) Prothrombin does not inhibit fibrino-
lysis; but rather the enzyme destroys prothrombin. (Seegers 
Nieft, and Vanderbilt, 1945) Early preparations of 
fibrinolysin were found to clot fibrinogen. (Tagnon, 1942) 
Recently, it has been shown that clotting properties 
cannot be ascribed to fibrinolysin. {Seegers and Loomis, 
1946). 
Taylor, (1946) made observations on the proteolytic 
activity of plasma protein fractions prepared by low 
temperature ethanol separation and without previous 
chloroform treatment. Qualitatively, the enzyme activity 
was tested by observing the lytic action of the fractions 
on a fibrin clot. "Plusn proteolysis is reported in 
one out of four whole plasma samples, two out of s~ 
Fraction ~ and in both samples of Fraction III-2 studied. 
Edsall (1947) states that in Richert's method, Fraction 
III-2 or III-2,3 is treated with thrombin and the clot 
f'ormed adsorbs nplasminogentt (profibrinolysin, the zymogen 
protease). This clot lysed spontaneously and was 
designated Fraction III -3. In two or three weeks, at 
zero degrees c., a slowly progressive proteolytic activity 
was demonstrated without the addition of any activator. 
Christensen observed that fractions of serum containing 
nplasminogenn will activate spontaneously in the absence 
of chloroform or streptokinase in the refrigerature when 
the inhibitor content. is low. 
Shinowara {1947) studied the dried whole plasma and 
its fractions. He found that the proteolytic activity 
was in good Fraction I. "The enzyme activity in Fraction 
I was completely abolished by heating a 2% solution o~ 
Fraction I in an 80 degree c. bath for three minutes 
before mixing with the buffered casein substrate. There 
was considerably less or no proteolytic activity in the 
whole plasma and in the other fractions tested. Shinowara 
had added no kinases or other activators, no~ was there 
a previous treatment with chloroform or fibrin ( Ca or 
thrombin) in his experiments. 
~· 
Two recent publications tend to favor the isolation 
o~ bovine fibrinolysin. ( Loomis, George, anq Ryder, 1947, 
and Per.min, 1947 } 
For an activator, Per.min prepared dry powder pulp from 
animal tissue usually from a pig's heart. This activator 
could not be extracted with phosphate buffer. The tissue 
fibrinokinase is most stable at neutral and slightly acid 
reaction. At alkaline reaction, it is destroyed slowly. 
Heat at 56 degrees c. destroys it slowly and at a temp-
erature of 70 degrees c., it is destroyed immediately. 
( 5 minutes ) 
The fibrinokinase activities of different tissues were 
investigated using different animal species as well as 
different organs. ( Small tissue fragments were placed 
on fibrin plates and the diameter of the zone of dissolved 
area used as a measure of activity. ) Tissues from calf 
embryo, pig, and rabbit were found to be the most active. 
Chicken and hen showed almost no activity. Of the organs 
tested: lung, heart, and kidney were most active. Pig's 
showed especially high activity. Rabbit's heart was less 
active. _Liver and spleen were only slightly active. The 
stroma from human erythrocytes was very active. 
Treatment of ox plasma or serum with fibrinokinase results 
in no activity because of a potent anti-fibrinolysin in 
the albumin fraction. Per.min did not mention whether or 
not suitable controls had been used to exclude the 
possibility of the presence of proteolytic enzymes other 
than protease in the tissues. 
Separation of serum globulins by a 0.33% saturation 
with ammonium sulfate yielded a very potent enzyme. 
According to Per.min, the profibrinolysin in the above 
preparation is not completely precipitated by dialysis 
in tap water. It is stable against heating, pH, and 1ong 
storage at refrigeration temperature. It will stand 
heating to 56 degrees c. for thirty minutes, and is 
slowly destroyed at ?0 degrees c. ·Bovine proteibrinolysin 
could not be activated by streptokinase. Human pro-
fibrinolysin was able to be activated by tissue fibrino-
kinase but not to the same extent as with streptokinase. 
Fermin separated bovine fibrinolysin completely by 
collecting the precipitate formed on dialysis against tap 
water. The bovine fibrinolysin was found to be less stable 
than the profibrinolysin, being completely destroyed by 
heat to ?0 degrees in five minutes and slowly at 56 degrees. 
Thus it is possible to destroy the fibrinolysin without 
destroying profibrinolysin. 
24. 
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Activation of the profibrinolysin may be carried out 
between pH 4 and 10 with no change in activation after 
24 hours. The pH optimum for fibrinolysis appears to 
be rather narrow, activation being at its highest at 
slightly acid reaction ( pH s.o-5.5 ). Permin used an 
interesting method to observe the fibrinolysis: namely, 
a two to three millimeter thick layer of fibrin in a 
petri dish, ten centimeters in diameter; drops of the 
active solution were placed on it and allowed to stand 
for twenty four hours at thirty nine degrees centigrade. 
Loomis, George, and Ryder (1947) recommend the use 
of bovine or human serum. According to their method: 
1. Serum is cooled to 5 degrees c. 
2. Saturated solution of ammonium sulfate q. s. 25% 
saturation 
3. Precipitated proteins removed by centrifugation for 
three minutes at 5000 rpm; solids discarded 
4. Supernatant cooled to 0 degrees c. 
5. Precipitate collected by centrifugation, supernatant 
liquid discarded 
5. Precipitate dissolved in 100 ml. distilled water 
7. Activated with 30 ml. chloroform 
8. Aqueous phase dialyzed .against tap water for 15 hour3 
9. Precipitate formed on dialysis dissolved in 100 ml. 
saline 
' 
10. Diluted to 1500 ml. with cold distilled water 
ll. Cooled to 0 degrees c. and adjusted to pH 5.5 with 
N HCl 
12. Precipitate dissolved in 100 ml. of saline. 
13. Adjusted to pH 710-7.2; Shell frozen and lyophilized 
This method produces a purer and more potent enzyme than 
that obtained by Christensen by activation with strepto-
kinase or chloroform. 
Unit of Fibrinolysin 
Loomis defines his own unit: One unit of fibrinolysin 
is that amount which will dissolve 1 ml. of a 0.3% fibrin 
clot in 120 seconds at pH 7.2 and 45 degrees c. in an 
isotonic saline system buffe·red with imidazole. 
Assay 
0.2 ml. solution of fibrinolysin of known concentration 
was added to 0.1 ml. of 100 units per ml. of thrombin 
solution in 50 % glycerol in a 10 x 75 mm. test tube. 
0.3 ml. of a 0.6 % fibrinogen solution containing imidazole 
buffer was then blown into the tube as the stop watch 
was started. The tube was :pll::aced in a water bath at 
45 degrees G., removed every five seconds, and tilted 
gently. 
26. 
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~ Point: The earliest time the solution ~lowed on gentle 
tilting o~ the tube. 
The E~~ect o~ Fluoride on Proteolytic Enzymes 
Fluoride retards or inhibits the e~~ect o~ pepsin in the 
coagulation o~ milk. It reduces coagulation time in normal 
animal blood coagulation. (in vitro) 
The action o~ proteolytic enzymes in gelatin and in 
other organic substances is diminished or supressed by 
the addition o~ a halogen or a halogen salt, or by the 
bromate, or iodate. 
The earliest work on the study o~ halogen salts on 
tryptic digestion was done by P~eiffer (1884) who ~ound 
that with the exception o~ sodium carbonate, all salts 
especially sodium chloride, retard tryptic digestion. 
In 1904, Weiss observed that sodium chloride in strong 
concentration retarded tryptic action, and in weak 
concentration-it accelerated it. Sodium bromide and iodide 
retarded the tryptic digestion though less markedly. The 
potassium salts acted in the same way as the sodium salts. 
Un~ortunately, instead o~ using equal molecular concen-
trations, he used equal percentages o~ salt, and thus 
his results are di~ficult to compare. 
According to Robertson (1906) all salts accelerated 
tryptic action, but chlorides, nitrates, and sulfates, 
accelerated tryptic action least as compared with cyanides 
and salts of fatty acids. 
Clifford {1933) investigated the action of equimolecular 
solutions of halogen salts on the tryptic digestion of 
fish protein. She noted that sodium, potassium, and 
ammonium in concentrations of 0.5 M. to 0.6 M are strongly 
inhibito~ to tryptic digestion but do not actually stop it 
This inhibition was found to be greatest with ammonium 
and potassium fluorides, the sodium salt showing much 
less effect from 0.25 M-0.06 lvi and having hardly any action 
at 0.03 M. At concentrations of 0.015-0.008 M, none of 
the three fluorides appeared to affect the rate of tryptic 
hydrolysis. The chlorides, like the fluorides, also have 
an inhibitory effect on trypyic digestion but they must 
be used in higher concentrations. At 0.5 M, this is not 
marked with the ammonium salt, but is quite definitely 
seen with lithium, sodium, and potassium chlorides. 
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To summarize Clifford's results: the halogen salts of 
lithium, sodium, potassium, and ammonium in concentrations 
of 0.5 M depress the rate of the proteolyti~ action of 
trypsin, though in d~fferent degrees. This depression 
is greatest with fluorides and chlmrides, less with iodides, 
and least with bromides. With low concentrations of halogen 
salts, the rate of tryptic hydrolysis was unchanged, ~ 
in no case was it ever hastened. The concentration at 
which the salts ceased to affect trypsin varied, being 
0.015 M for fluorides, 0.03 .M for chlorides and iodides, 
and 0 .• 125 M for brom.i·des. In every case, with the higher 
concentrations, the ammonium salt exerted the greatesn 
depressing effect, probably due to the acid reaction of 
the ammo~~um halide solutions. 
With fluorides, the relatively slight action of sodium 
fluoride as compared with the lithium and potassium salts 
was found to be remarkable between 0.25 and 0.03 M. Above 
this concentration, Clifford states that, ttit is equally 
• I inhibitory, and below, all the fluor1des are without 
effect. This was due to a less acid reaction, as the 
pH values of the digestion mixtures with potassium and 
sodium fluorides were identical.n 
Original Exper~ental Work: 
Culture Medium fo~ the Production of Staphylokinase 
Best results were obtained using a neopeptone medium 
containing: 4% neopeptone, 0.3% yeast extract, 0.5% sodium 
chloride. The pH of the medium was 7.5-7.8. 
The medium was inoculated with a coagulase-positive, 
fibrinolytic strain of s. aureus. A 7-8 day-old culture 
filtrate contained a potent coagulase and a potent staphylo-
kinase. The clot formed ?Y the Berkfeld filtrate and fresh 
plasma lysed almost completely in 3-4 hours. (Grob, 1946, 
states that tryptic protein digests or egg white trypsin 
inhibitor inhibit the activity o~ proteolytic enzymes like 
trypsin. } 
Concentration of the Staphylokinase from Culture Medium: 
The 7-8 day old culture ( Berkfeld filtrate ) of s. aureus 
when tested for fibrinolytic potency was found to lyse the 
fresh plasma clot (clotted by the coagulase also present 
in the medmum) in three hours. The kinase was concentrated 
by Christensen's method from the neopeptone medium. The 
ammonium. sulfate precipitate was dissolved in saline at 
pH 7.5 and tested ~or kinase activity using fresh plasma 
clots and Fraction I clots (clotted by the coagulase in 
the neopeptone medium). 
The plasma clots lysed in one third of the time required 
for the crude filtrate. The Fraction I slots lysed more 
slowly and required 4-5 hours for an equivalent degree of 
lysis. 
The saline solution of concentrated staphylokinase was 
then shell frozen and lyophilized. 
Isolation,of Plasminogen 
Plasminogen in Fraction III-3 was separated from 
Fraction III-2-3 obtained from the Massachusetts Blood 
Bank at Forest Hills. The profibrinolysin or plasminogen 
was separated at low temperature by means of controlled 
ionic strength and pH: 
Fraction III-2!3 
Ethanol 0% 
pH 7.0 
Temp. 0 deg. 
Protein 8% 
Thrombin 3 
Fraction III-3 
Plasminogen 
BOSTON UNtVERSITY 
COLLEGE OF LIBERAL ARTS 
LIBRARY 
c. 
(Supernatant) 
Fraction III-2 
Prothrombin 
Fraction III-3 was allowed to stand at re~rigeration 
temperature ~or three weeks. A spontaneous conversion 
o~ plasminogen to plasmin occurs during this time without 
the addition o~ chloro~or.m, streptokinase, or other 
activator. The plasmin recovered by this method was ~ound 
to be one third the amount obtainable by complete activation 
with streptokinase. (Courtesy o~ the Massachusetts Blood 
Bank at Forest Hills ) It is know known that the plasmin 
( III-3 ) contains appreciable amounts o~ ~ree thrombin. 
The plasmin concentrated by the above method did not contain 
enough thrombin to clot the Fraction I used in these 
experiments. 
The solution o~ plasmin obtained by the roassachftsetts 
Blood Bank method was tested on coagulase-plasma clots 
at room temperature. Gelatin clots ( 2% gelatin ) even in 
the presence o~ sodium ~luoride { 15-20 mg. or 0.025 .llll. ) 
lysed completely in 3-4 hours. The gelatin clot control 
(gelatin with saline instead o~ plasmin solution) and the 
gelatin solution clot plus activator { the kinase concentratEd 
by Christensen's method ) did not lyse~ The coagulase-
plasma clots and the coagulase-plasma clots containing 
o.025 M sodium ~luoride lysed from a solid clot to a clot 
less than one eighth o~ its original size. Lysis was 
complete in 24 hours. 
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-The plasmin solution was also adjusted to pH 7.5 1 shell 
frozen and lyophilized. 
Bovine fibrinolysin (plasmin) was concentrated from 
serum according to the method of Loomis, George, and Ryder. 
Loomis states that this method produces a purer and more 
potent enzyme than that obtained by Christensen by activatio 
w2th streptokinase or chloroform. The dilute solution 
of bovine fibrinolysin was found to be equivalent in potency 
to the plasmin III-3 when tested on plasma clots and 
fibrinogen-coagulase clots. 
Solutions of the lyophilized concentrate of staphylokinasE 
and plasmin were tested using 0.6% fibrinogen according to 
the method suggested by Loomis, George, and Ryder ( 194?) : 
Activ§.tor 
Plasmin 0.2 ml. 
Plasmin 0.2 ml. 
plus 
ActivatoT 0.2 ml. 
Thrombin 0.6% 
Fibrinogen 
0.1 ml. o.3 m1. 
0.1 ml. 0.3 ml. 
Time or Complete 
Lysis 
12 hrs. 
6 hrs. 
3-4 hrs. 
I 
(The control containing neither activator or plasmin was 
not lysed in twenty four hours.} The 0.2 ml. of activator 
or plasmin is equivalent to 20 mg. of lyophilized substance. 
The thrombin solution contained 10 mg. of thrombin in 10 ml. 
of distilled water. 
The combination of staphylokinase activator plus plasmin 
was found to produce the most rapid lysis, probably due to 
the staphylokinase activation of the plasmin contained in 
the Fraction I. 
A solution of the lyophilized plasmin ( O.l gram per ml. 
distilled water ) plus a solution of the lyophilized 
staphylokinase l o.l gram in l ml. distilled water } were 
tested in varying concentrations in Fraction I -thrombin 
clots to determine the approximate potency of the lyophilized 
material. 
Plasmin 
0.5 ml. 
0.75 ml. 
Staphylo...: 
kinase 
0.25 ml. 
0.5 ml. 
0.75 ml. 
Thrombin 
0.2 ml. 
0.2 ml. 
0.2 ml. 
0.2 ml. 
o.o% 
Fibrinogen 
1 ml. 
1 ml. 
1 ml. 
1 ml. 
T:i..m.e of 
Complete 
Lysis 
40-45 min. 
. 30-40 min .. 
( approx.) 
No clot 
formed 
( o. 25 ml. of solution of plasmin or staphylokinase is 
equivalent to 0.025 grams of lyophilized material. ) The 
thrombin solution contained 50 mg. thrombin in 10 ml. 
of distilled water. The 0.75 ml. concentration did not 
clot on the addition of solid thrombin ( approximately 10 
mg. ) and another milliliter of 0.6% fibrinogen. ( one 
small trace of a clot appeared at the periphery of the 
tube. } 
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Effect of Varying Concentration of Sodium Fluoride 
e 
Grams of Molarity 
Sodium of 3% Gelatin 
0.3% Fibrinogen 
{0.3 ml. of 
Fluoride Sodium Clot 
0.6%) 
Fluoride 
0.192 gms. 
4M 
---
Fibrinogen 
per ml. 
will not clot 
0.096 gms. 2M Lysis after Fibrinogen 
2 days will not clot 
. 
0.048 gms. 1M Lysis in Lysis semi-
2 days complete in 4 hr ~-
0.024 gms. 0.5 M Lysis semi- Lysis semi-
complete in complete in 4 .·.- ) ., 
I 
8 hrs. hrs. 
' 0.012 gms. 0.25 M Lysis in 5 hrs. Lysis semi-
e complete in 4 h ~"Se 
0.006 gms. 0.125 M Lysis in 2 hrs. Lysis in l-2 
hrs. 
"q 
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Controls . . 
3 % gelatin, no sodium fluoride ••• complete lysis in 2 hrs. 
e. Controls on Fraction I clots: 
Sodium 0.6% Time 
Thrombin Plasmin Dist. o:f' 
Fluoride Fibrinogen and Water gomp~et ~ 
Kinase LYSJ.S 
---
0.3 ml. o.2 ml. 0.3ml. 
---
20-60 
each min. 
---
0.3 ml. 0.2 ml. 
---- ---
24m ~-
---
0.3 ml. 0.2 mlil 
---
0.6 ml. 48 hr ~. 
Q.Q48 gm.s. 0.3 ml. o.z ml .. 
---
0.6 ml. 48 hr s. 
-60 hr ~-
. 
e -
Summary and Conclusion 
The use of Fraction I for the observation of lysis 
presents a few variables. Mdlstone, 1941 explained that 
the purer the human fibrin, the more resistant it was 
to lysis. Albumin ( Fraction I contains approximately 
30% )has been shown to exercise an inhibitory effect on 
fibrinolysis. In a more dilute solution of the protein, 
the actioh of the plasmin contained in Fraction I may 
O·f itself produce a •lysis of a thrombin-fibrinogen clot. 
Anson, 1938, and Ferguson, 1943, used such proteins as 
hemoglobin or casein to study proteolysis. 
A concentration of sodium fluoride of 0.25 M - l M 
strongly inhibits the lysis of Fraction I clots but does 
not completely prevent lysis. A concentration of sodium 
fluoride of 2 M or above prevents the clotting of fibrinoge 
by a salting-out effect on the protein. 
A 2-3% gelatin clot which lyses to completion in the 
presence of plasmin and staphylokinase in two hours is 
also inhibited by a concentration of sodium fluoride above 
0.25 M. 
Since the action of the staphylokinase alone does not 
of itself produce lysis of a 2% gelatin clot, 
38. 
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the sodium fluoride therefore probably produces its 
inhibition of lysis by its inhibiting action on the 
proteolytic enzyme, plasmin. 
I 
.Anson, M.L.: 
Ball, .A.K.: 
Barker, B.: 
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